This study examines the firm-level technical efficiency of olive-growing farms in the West Bank of Palestine. Using a sample of 176 olive farms in the Jenin governorate collected during September 2015, we estimated the Cobb-Douglas stochastic frontier production function. The results suggest that higher levels of education of the head of farm households and farms with a higher density of olive trees are associated with higher technical efficiency. The introduction of irrigation had a marginal effect on upgrading efficiency. Enlarging the irrigated area had a negative effect, but increasing the number of years of irrigation had a positive impact on efficiency. While the impact of access to export markets on technical efficiency was negative and farms oriented towards domestic consumption of olive oil showed lower efficiency, access to markets through olive presses and middlemen contributed to improve efficiency. The results of the chosen half-normal model suggest that olive farms in Jenin have the potential to increase production by 51.4% through more efficient use of technology and production inputs. These results imply promotion of intensive farming with mature olive trees and expansion of market access could contribute to improve technical efficiency of olive farms in the West Bank even under severe geographical and geopolitical conditions.
Introduction
One of the solutions, suggested by studies on efficiency, to overcome the low productivity of farms in developing countries is based on realizing the maximum possible output with available resources and given technology. Following the pioneering work of Farrell (1957) , myriad theoretical and empirical studies have been devoted to the estimation of stochastic production frontiers and efficiency measures. Studies on efficiency shed light on the stochastic phenomenon and existence of inefficiency, but at the same time they point to the potential for improvement under several constraints. The agriculture sector in the arid and semi-arid Mediterranean regions often operates under constraints such as small size of plots and harsh climatic conditions; thus, improving production efficiency is critical to raising agricultural productivity, even if the contribution of technical change and scale effects is less relevant.
In the Mediterranean region, Palestinian agriculture under Israeli occupation is one such example where there are severe geographical and geopolitical constraints. First, land is segmented owing to the geography of the region and most olive farms are located in mountainous areas. Israeli occupation of Area C imposes huge constraints on horizontal land expansion. Second, despite the annual rainfall, water is scarce relative to increasing demand, and new development of groundwater is restricted by Israeli authorities. In addition, movement of modern inputs such as fertilizers is restricted. In conjunction with limited water supply, this restricts the scope for vertical expansion of production, i.e., improvements in land productivity. This situation, described by Roy (1999) as de-development, continues to be relevant to Palestinian agriculture even after the Oslo accords. In this context, realizing frontier output under the given constraints is one of the few ways of improving productivity. 126 2010/2011, the number of olive trees stands at 8.895 million, of which 7.798 million (88%) were fruit bearing in 2011 (Palestinian Central Bureau of Statistics [PCBS] , 2012). The area under olives constitutes 53.9% of the total cultivated area, or 63.8% of the total area under horticulture trees in Palestine (PCBS, 2012) . It is estimated that production of olives in good harvesting years can produce as much as 15% to 19% of agricultural output (World Bank, 2006) . The total value of olive oil exports in 2014 was US$24.7 million, contributing 66.5% of total agricultural exports and 2.6% of total exports (PCBS, 2015a) . The contribution of olive production to employment is also sizable. The estimated number of families engaged directly or indirectly in olive production, including the harvesting of olives, is estimated at 100,000 out of a population of 4 million (Ministry of Agriculture, State of Palestine, 2014). Currently, 1,353 people are engaged in olive-oil extraction (PCBS, 2015b) .
Regardless of the potential of the Palestinian olive sector, it lags behind compared with Israel and other olive producing countries in the Mediterranean region. Despite the nearly identical natural environment, the average yield of olives in Israel ranges from 1.5 to 2.5 tons per hectare, while it hovers between 0.4 and 2.4 tons in the occupied Palestinian territory (UNCTAD, 2015) . The neighboring country of Jordan, which has similar environmental conditions for olive cultivation, enjoys approximately 16.9% higher productivity than Palestine (Ministry of Agriculture, State of Palestine, 2014). In addition, there is a huge difference in productivity throughout the West Bank, ranging from a high of 167 kg per dunum to a low of 40 kg per dunum (UNCTAD, 2015) .
1 According to the Ministry of Agriculture, State of Palestine, productivity remains low relative to its potential and farmers have only basic cultivation skills; this means that productivity levels can be increased by 30% to 40% if farmers with small landholdings adopt the appropriate technologies (Ministry of Agriculture, State of Palestine, 2014) . Hence, one of the challenges facing the olive sector in Palestine is to realize the maximum possible output, or what is called the frontier output, with available inputs and the current level of technology.
Given these conditions, the objectives of this study are to analyze the technical efficiency of olive farms in the West Bank and to identify the factors that can improve efficiency. We specifically examine the impact of irrigation on technical efficiency. We conducted a survey in September 2015, entitled "Survey of Olive Farms in the West Bank-Jenin," in collaboration with the Palestinian Central Bureau of Statistics (PCBS), to collect micro-data on olive farms in Jenin, located in the West Bank. The sample size was 176, distributed by strata design, and included irrigated farms. We estimated the Cobb-Douglas specification of the stochastic production function using these micro-data to investigate technical efficiency at the farm level, and to investigate the factors determine the level of efficiency.
Several studies have analyzed the technical efficiency of olive-growing farms.
2 Noteworthy and comparable among them are the studies in Mediterranean countries such as Spain, Greece and Tunisia. Lambarraa, Serra and Gil (2007) assessed relative technical efficiency by decomposing the productivity growth of Spanish olive-growing farms, and found that farm location, age of manager, and composition of the workforce affect efficiency levels. By looking at the heterogeneity of olive farms in Andalusia (Spain), such as the age of olive trees, irrigation, intensity of farming and land slope, Amores and Contreras (2009) examined farm efficiency using data envelopment analysis (DEA). For Greek olive farms, Tzouvelekas, Giannakas, Midmore and Mattas (1999) estimated changes in technical efficiency and total factor productivity from 1987 to 1993. This study found considerable variations in efficiency levels among farms, but changes in efficiency levels were negligible during the observed period. In addition, and again for olive farms in Greece, Karagiannis and Tzouvelekas (2001) suggested that scale and allocative efficiency played a significant role in explaining output growth during the period 1987-1993. As for the determinants of efficiency, Tzouvelekas, Pantzios and Fotopoulos (2001) found a higher degree of efficiency in organic farming compared with conventional farming in Greece. For olive farms in Turkey, Cukur, Saner, Cukur, Dayan and Adanacioglu (2013) suggested there are huge differences in technical efficiency among olive farms and most olive farms do not operate in their optimal scale. Comparing efficiency between organic and conventional olive farms in Turkey, Artukoglu, Olgun and Adanacioglu (2010) found technical efficiency of conventional olive farms is less than that of organic farms. Ozden and Dios-Palmores (2016) , which examined olive oil firms in Tukey from the point of ownership structure, suggested experienced production manager, and extensive specialized training with olive industry have positive effect on efficiency. For Tunisian olive-growing farms, Lachaal, Karray, Dhehibi and Chebil (2005) found that the share of productive trees, the share of skilled labour and agricultural training had a positive impact on improving technical efficiency. Although there are several studies on the estimation of technical efficiency of olive production in Mediterranean countries, few have been done on Palestinian olive growers. efficiency in the context of water resource management. Valipour (2015b Valipour ( , 2016b considered the proportion of area equipped for irrigation to cultivate area is one of the main indices to assess agricultural water management. According to the estimation by Valipour (2013c) , the index is significantly lower in Africa compared with Africa. The low value of this index is comparable to the West Bank. While it is expected to increase in Africa, lack of proper water management is considered as a bottleneck resulting in the lower value of this index (Valipour, 2015a) . In empirical studies on efficiency of agriculture in Africa, Chebil, Frija and Thabet (2015) examined irrigated wheat farms in Tunisia applying DEA approach, and found source of irrigation, membership in water use association, irrigation management and farm size are determinants. Speelman, D"Haese, Buysse and D"Hase (2008) , which investigated smallholder irrigation farmers in South Africa, suggested substantial decreases in water use can be attained with given existing technology and crop choice has a positive and significant effect on efficiency. For horticultural greenhouses in Tunisia, Frija, Chebil, Speelman, Buysse and Van Huylenbroeck (2009) suggested farmer"s technical training in greenhouse management, investments in water saving technologies and existence of a fertigation technique on farm have a positive effect on irrigation water use efficiency.
Not only social and economic attributes of farms but also technical aspects of irrigation systems and methods may affect irrigation efficiency. Valipour (2013b) suggested various factors including advantages and disadvantages of surface and pressurized irrigation methods, must be taken into account in the selection of irrigation system. Valipour (2013d) emphasized the importance of being aware of hydrologic parameters including surface water supply. Valipour (2016a) recommended forecasting the most critical rainfall month in semi-arid climate conditions based on meteoroidal information in the previous year. Depending on soil conditions, Valipour (2012b) suggested the significance of selecting a proper drainage system including horizontal and vertical drainage. From the point of difference in irrigation methods, i.e., continuous flow, cutback, fixed surge and variable surge, Valipour (2013a) found cutback and surge irrigation methods were able to increase irrigation efficiency. Based on the empirical study in Iran, Valipour (2012a) implied determination of Hydro-module gives many advantages to experts and farmers, since lack of the poor knowledge about water requirement to agriculture uses results in irrigation inefficiency.
In the case of olive-growing farms, Amores and Contreras (2009) estimated DEA model applied to olive farms in Andalusia. The results of this study suggested efficiency is positively related to the farm size, and efficiency improvements observed in large farms come from adoption of irrigation and newly planted trees. It considered a percentage of the plot irrigated is one of the indicators for typology of olive farms, but the effect of irrigation on efficiency is not explicitly examined. Estimating stochastic frontier production function for Tunisian olive farms, Lachaal et al. (2004) examined the effect of introduction of irrigation on technical efficiency. This study found a positive impact of irrigation; however, effect of irrigation conditions, such as changes of irrigated area, years of irrigation and density of trees, are not considered. As far as we know, our study may be the first study examined the effect of irrigation on technical efficiency in more detailed applying to olive-growing farms in West Bank.
Olive Production and Productivity in Palestine
Olive production, in general, is characterized by alternating fruit-bearing years, where one year is low bearing and the following is high bearing. Changes in annual precipitation also make production levels and prices more volatile. Table 1 presents the changes in olive production, area and land productivity of irrigated and rain-fed areas in Palestine from 1999/2000 to 2007/2008. Annual production levels and productivity fluctuated owing to the alteration of fruit-bearing years, yet land productivity remained reasonably stable during the observed period. Except for the 2005/2006 season, land productivity of irrigated area was higher than that of rain-fed area. On average, the yield of irrigated areas was 414 kg per dunum, whereas it was 107 kg per dunum in rain-fed areas. While irrigated areas showed a slightly increasing trend, the average percentage of irrigated areas remained at 2.5% of the total bearing area. These results show that the effect of irrigation on production was positive; however, no significant improvement in land productivity was observed. Table 2 presents olive production, area, number of trees and productivity in the West Bank. Land productivity and production per tree differ among regions. Both land productivity and production per tree are higher in the northern West Bank than in the south. While the level of production per tree is almost identical between the northern and the middle of the West Bank, it is less than half in the southern West Bank compared with the northern part. The difference in annual precipitation and soil conditions may explain this difference in land productivity. However, within the northern West Bank, there are substantial regional differences in land productivity. For instance, productivity in the Salfit governorate was more than double that in Qalqiliya in the 2009/2010 season, ranging from 140.9 kg to 250.1 kg per dunum (Ministry of Agriculture, State of Palestine, 2014). This high variability may be partially explained by natural factors, such as differences in annual precipitation (UNCTAD, 2015). (2011), olive oil is a strong candidate amongst Palestine"s tradable goods and deserving of promotion. While olive harvests have been highly volatile, they contribute to creating a significant export potential (UNCTAD, 2011). Despite its strategic significance, a significant improvement in land productivity was not observed during the 2000s (Table 1) . Compared with Israel and Jordan, the land productivity achieved by most olive farmers remained below the potential (UNCTAD, 2015) . According to the Ministry of Agriculture, the major challenge and constraint faced by olive famers in Palestine is low profitability. The weakness in production and productivity of olive farms likely results from the small size of holdings, common ownership and absentee owners, which is related to Israeli occupation, and the parceling of plots because of inheritance. These issues may also explain why only weak technical services are available to farmers and why insufficient opportunities exist for accessing loans that will allow the replacement of ageing trees with high-yielding improved varieties, as well as inadequate pest and disease control (Ministry of Agriculture, State of Palestine, 2014). World Bank (2006) pointed out production costs are up to 30% higher than in Jordan, despite similar natural conditions. This low and stagnating land productivity implies a low Although we observed changes in land productivity and compared its regional differences, we must remember that land productivity is only one of the measures of productivity. Improvements in productivity can also arise from technical change, efficiency improvements, scale economies, or some combination of these three factors (Coelli, Rao, O"Donnell, & Battese, 2005) . In Section 3, we will extend our discussion to estimations of the production frontier of olive farms and measurements of their technical efficiency.
Methodology

Model
We employ the stochastic frontier model to parametrically estimate production frontiers and levels of technical efficiency in olive production. Following Aigner, Lovell and Schmidt (1977) , and Meeusen and van den Broeck (1977) , the stochastic frontier production function can be expressed as follows:
where Y i denotes production output for the ith farm;  is a vector of unknown parameters to be estimated; X is a vector of inputs of production and other explanatory variables associated with the ith farm. The disturbance term is composed of two parts. First, v i refers to statistical random disturbance terms, which are assumed to be independently and identically distributed N(0, σ v 2 ). Second, u i is the one-sided non-negative random disturbance term, and its distribution is assumed to be independently and identically distributed but is modelled using different distributional assumptions. Aigner et al. (1977) assumed a half-normal distribution at zero mean, i.e.,
). Stevenson (1980) introduced the truncated normal formulation, i.e., u i ～ iid N + (, σ u 2 ). Meeusen and van den Broeck (1977) assigned an exponential distribution, whereas Greene (1990) introduced a gamma distribution. Jondrow, Lovell, Materov and Schmidt (1982) considered both a half-normal and an exponential distribution. Reifschneider and Stevenson (1991) modelled gamma, truncated normal and exponential distributions.
Based on the above, the technical efficiency of production of the ith farm can be defined as:
Following Kumbhakar, Ghosh and McGuckin (1991) , Huang and Liu (1994) , and Battes and Coelli (1995), we adopt a single-stage approach for the estimation of stochastic production and inefficiency equation. In this approach, explanatory variables are inserted directly into the inefficiency error component. Either the mean or the variance of the inefficiency error components is assumed to be a function of explanatory variables. The technical inefficiency effect, u i , in the stochastic frontier model is specified in Equation (3):
where δ is a vector of the unknown parameters to be estimated; z i is a vector of explanatory variables associated with technical inefficiency in production; w i is a random variable.
For estimating the stochastic frontier model, we specify the production function as taking the Cobb-Douglas form:
where Y i represents the quantity of olive production measured in kg; j represents inputs used in olive production (j = K, L, A);  0 and  j are the unknown parameters to be estimated; X Ki is the capital stock used for olive production measured in new Israeli shekel (NIS); X Li is total labour used to olive production; X Ai is the total land area devoted to olive production measured in dunum; v i is the symmetric disturbance term accounting for random shocks and other statistical noise; u i is the one-sided non-negative random disturbance term denoting technical inefficiency. The dummy variable for the introduction of irrigation, D IRi , is included to control for farm characteristics in the estimation.
The model of technical inefficiency effect could be specified as follows:
where z h (h = 1, 2,…, H) is the farm-specific efficiency related variables. Regarding the factors affecting efficiency, many studies consider human capital as one of the determinants of agricultural production (Kaliranjan & Shand, 1985; Stefanou & Saxena, 1988; Gorton & Davidova, 2004) . For olive production in Tunisia, a positive effect of human capital on efficiency was confirmed by Lachaal et al. (2004) and Lachaal et al. (2005) , which represented human capital as a share of skilled labour.
On the other hand, several studies have examined the impact of intensification, represented by density of olive trees, on the level of efficiency. According to Beaufoy (2001) , olive farms in European countries are generally categorized into three types: low-input traditional farms, intensive traditional farms and intensive modern farms. In these categories, the range of olive tree density is one of the major indicators for typology. Yields varied significantly from 200 kg to 10,000 kg per ha, based on the type of farm. Comparing the levels of olive farming intensity in Spain, Italy, Greece and Portugal, Weissteiner, Strobl and Sommer (2011) found strong intensification in Spain, followed by Italy, Greece and Portugal. While these studies focused on heterogeneity, the typology of olive farms and differences in land productivity, they lacked discussions on how they affected efficiency.
Introduction of irrigation is a critical factor in the intensification of olive farming. Drip irrigation technology has now become major practice in new farms. Traditional type of olive farming is being intensified by the introduction of drip irrigation, and densified by planting new trees in the rows between existing trees (Beaufoy, 2001) . As for the effect of irrigation on efficiency, a positive impact was found by Lachaal et al. (2004) for Tunisian olive growers. In addition to the intensity of land and irrigation operation, Amores and Contreras (2009) found that the age of olive trees is one of the major factors explaining the heterogeneity of olive farms in Andalusia. In our model, we test the impact of increasing the number of years under irrigation on technical efficiency. Many studies suggested a negative correlation between farm size and efficiency in agricultural operations (Bravo-Ureta & Evenson, 1994; Ali, Parikh, & Shah, 1994; Hallam & Machado, 1996; Bozoğlu & Ceyhan, 2007) . Our model examines the effect of expansion of irrigated land on efficiency.
Regarding market access, Hart, Miljkovic and Shafik (2015) , Miljkovic and Shaik (2010) , and Miljkovic, Miranda and Shaik (2013) examined the effect of trade openness on technical efficiency. However, most studies found no or even a negative impact on efficiency. In this model, we test the variables of access to export markets, middlemen and olive presses to examine their impact on technical efficiency.
The technical inefficiency effect of the ith farm is defined by equation (6):
where EDU denotes level of education of the head of the farm household; TRD denotes the density of olive trees;
RIR represents the proportion of irrigated area to the total area; YIR is years under irrigation. We include dummy variables to represent the access to markets for extracted olive oil; thus, DM MD stands for farms that sell olive oil to middlemen (merchants); DM EX represents farms that sell olive oil to consumers abroad (export); DM OP represents farms that sell olive oil to olive presses. The dummy variable DD HH denotes farms that consume olive oil domestically.  i (i = 0…8) is an unknown parameter to be estimated, and w i represents the error term. All parameters of the stochastic frontier production function in Equation (4) and the model for technical inefficiency effects in Equation (6) are estimated using single-stage maximum likelihood estimation (MLE) (Reifschneider & Stevenson, 1991; Huang & Liu, 1994) .
Data
The data used in this study is drawn from the "Survey on Olive Farms in West Bank-Jenin" conducted in collaboration with the PCBS during September 2015. The area of land cultivated with horticultural crops including olives was 659,894 dunums in the Palestinian Territory, including 612,649 dunums in the West Bank and 47,245 dunums in Gaza Strip. In the West Bank, the largest cultivated area for horticulture trees was in the However, the average productivity of Jenin is lower than any other governorate in the northern West Bank. These figures point to the potential for the expansion of olive production in Jenin.
The sample size of the analysis was 179 olive holdings distributed by strata design. A one-stage stratified random sampling methodology was used and response rate was 89.5%. The 179 farm data included irrigated and non-irrigated farms. Owing to missing information on the level of education and years under irrigation, three data points were dropped. This left data for 176 olive farms which could be subjected to empirical analysis. Table 3 presents the summary statistics of the variables. The dependent variable of the production function Y is the production of olives measured in kg. The stock of physical capital (K) is the total present value of all machinery and equipment used for olive production. Labor input, L, is represented by the total number of labor used in production, including family and employed labor. Land, R, represents total cultivated area measured in dunum. A dummy variable of D IR captures the impact of irrigation. With regard to the independent variables of the inefficiency effects model, EDU represents a discrete variable of the farm head"s level of education, ranging from illiterate to doctorate holder. As a variable of intensive production, we include a variable of the density of olive trees, TRD, measured by number of olive trees per dunum. A variable of the proportion of irrigated area to the total area, RIR, is added to examine the effect of expansion of irrigated area, and YIR denotes years under irrigation. To examine the effect of marketing, we include a dummy variable, DM MD , representing farms that sell olive oil to middlemen (merchants). Access to export markets, a dummy variable of DM EX is included representing farms that sell olive oil to consumers abroad. A dummy variable DM OP represents farms that sell olive oil to olive presses. As some farms use the extracted olive oil by themselves, a dummy variable DD HH is added denoting farms that consume domestically. Table 4 presents coefficient estimates and corresponding standard errors. Maximum likelihood estimators based on the Cobb-Douglas stochastic frontier model and the technical inefficiency effects model are estimated using the STATA11 package. We estimate three models following the distributional assumptions of half-normal, truncated normal and exponential for the one-sided error term (u i ). As the hypothesis of constant returns to scale (CRTS) cannot be rejected at the 10% level, we estimate three models with different distributional assumptions imposing a restriction of the CRTS. The likelihood-ratio (LR) test rejects the null hypothesis that the inefficiency effects are absent, i.e.,  u = 0, in the half-normal and exponential models. In the truncated normal model, the estimates of the variance parameters  and  are positive and statistically significant at the 1% level. In addition, the LR test rejected the null hypothesis of no farm-specific effects (i.e.,
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at the 5% level of significance. These results suggest that inefficiency effects are significant for explaining differences in olive production.
The half-normal distribution model is nested in the truncated normal distribution for the one-sided error term. However, the LR test cannot reject the null hypothesis that the truncated normal distribution for u i is inappropriate. Hence, the use of the half-normal distribution for u i could not be rejected. Regarding the selection of half-normal and exponential distributions, the Akaike and Bayesian information criteria (AIC and BIC) were applied as the two models are non-nested. Both criteria favor the half-normal distribution; this distribution minimizes values of AIC and BIC relative to the exponential distribution. This implies that the half-normal distributional assumption is more appropriate than that of the exponential distribution. Note. *, **, *** indicate significance at the 10%, 5% and 1% levels, respectively.
The statistical problem to be resolved in this model is the possibility of endogeneity of TRD and RIR. These variables might be correlated with the error term. If endogeneity exists, the estimations may produce biased and inconsistent results. Following Wooldridge (2002) , and Davidson and MacKinnon (2004) , we employ the instrumental variable method. Applying the Durbin-Wu-Hausman test for endogeneity, we specify equations showing that the decision regarding the degree of tree density (TRD) and that for choosing the proportion of area of irrigation (RIR) are affected by four instrumental variables: cost of water (C W ), distance to olive presses (DTP), a dummy variable for intention to own olive-oil milling (D IO ) and another dummy for intention of direct milling (D ID ). These instrumental variables are selected since they are highly correlated with the variables TRD and RIR but not with the error term of equation (6). To test for endogeneity, we first estimate the equation that includes the independent variables of equation (6) plus a set of the instrumental variables. Then, we estimate the original equation (4), including the residuals obtained from the first estimation. Under the null hypothesis of the existence of endogeneity, the coefficients of these additional residual terms do not equal zero. If the null hypothesis is rejected, TRD and RIR are not endogenous. Following this method, the endogeneity test shows that the coefficients of the residual terms are insignificant, even at the 10% level. This result thus rejects the possibility of endogeneity of TRD and RIR.
The results of the preferred half-normal model suggest that the signs of the estimated parameters are as expected. The estimated coefficients of capital stock and labor input are positive and statistically significant, confirming that these are significant factors in determining the level of output. Surprisingly, the irrigation dummy is not statistically significant. This implies that irrigation does not contribute significantly to increasing the output level.
The estimated results of the chosen half-normal model and the other two models are largely consistent vis-à -vis the determinants of efficiency, except for the proportion of irrigated area (RIR) and the market of middlemen (DM MD ) variables, which are not significant in the truncated normal model. From the estimated coefficients of the inefficiency equation, three major factors are found to positively affect the level of efficiency. First, the estimated coefficient of education level (EDU) is negative and statistically significant. This result shows that human capital accumulation contributes to improving efficiency. The positive impact of human capital such as education, agricultural experience and training on efficiency in agricultural production has been widely confirmed (Kaliranjan & Shand, 1985; Stefanou & Saxena, 1988; Gorton & Davidova, 2004; Solí s, Bravo-Ureta, & Quiroga, 2009 ). For olive farms in Tunisia, Lachaal et al. (2004 Lachaal et al. ( , 2005 found a positive relationship between the share of skilled labor and technical efficiency. To estimate equation (6), we test the significance of the variables of age of farm head as well as years of farming and training, but only the education level of the farm head was found to be significant.
Second, the estimated coefficient of the density of olive trees (TRD) is negative and significant. This suggests that more intensive cropping is associated with higher efficiency. According to the typology of Beaufoy (2001), for olive growers in Europe, tree density ranges from 80 to 250 trees per ha in intensive traditional farms, whereas it ranges from 200 to 400 trees per ha in intensive modern farms. In Jenin, the average number of olive trees is 166 per ha, ranging from 88 to 266 trees. For olive farming in Andalusia, Amores and Contreras (2009) established that modern techniques such as irrigation as well as new plantations and intensive farming are the most important factors in current technical efficiency. 3 Following the typology of Beaufoy (2001) , olive farms in Jenin can be categorized as intensive traditional farms; and the evidence provided by Amores and Contreras (2009) suggests the possibility of improving efficiency in Jenin through intensification of cropping.
In addition, years under irrigation (YIR) yielded a negative, significant coefficient. This suggests that farms become more efficient as the number of years of irrigation increases. Regarding the relationship between irrigation and technical efficiency, Frija et al. (2009) revealed a positive association between irrigated water use efficiency and technical efficiency for horticultural greenhouse farms in Tunisia. Proietti and Antognozzi (1996) examined the relationship between irrigation, productive activity and fruit quality of table olives (cultivar "ascolana tenera"), and concluded that irrigation contributed to improve the commercial value of the fruit by increasing the size and pulp/pit ratio and intensifying fruit coloring. The results herein are consistent with these previous studies. Amores and Contreras (2009) , who classified olive farms in Andalusia, considered the unproductive youth period of olive trees to be 10 years; and the average number of years under irrigation in their sample is eight. According to Lachaal et al. (2004) , increasing the share of productive olive trees, i.e., those that are between 20 and 70 years old, has a positive effect on improving efficiency in Tunisia. These results imply that more mature irrigated olive trees produce more fruit even if other inputs are held constant.
On the contrary, the estimated coefficient of the proportion of irrigated area (RIR) is positive and statistically significant. This result is unsurprising but consistent with the negative relationship between farm size area and efficiency. Further, this accords with prior studies that have found a negative relationship between farm size and level of technical efficiency in agricultural production (Bravo-Ureta & Evenson, 1994; Ali et al. 1994; Hallam & Machado, 1996; Bozoğlu & Ceyhan, 2007) . For Greek olive farms, Tzouvelekas et al. (2001) suggested that larger farms tend to have lower efficiency than small farms. These results imply that enlarging the irrigated area does not contribute to efficiency increases in Jenin, whereas more intensive cropping with mature olive trees is a positive factor in improving efficiency.
Fifth, the estimated coefficients of the dummy variables DM MD and DM OP are negative and statistically significant. These results suggest that farms that sell their extracted olive oil to middlemen and olive presses exhibit higher efficiency. Moreover, the estimated coefficient of DD HH is positive and significant. This suggests that efficiency is lower on farms that consume olive oil domestically. Regarding the effect of access to export markets (DM EX ), the estimated coefficient is positive and statistically significant. Thus the effect of access to export markets on efficiency is negative, which does not immediately appear to accord expectation. However, Hart et al. (2015) examined the impact of trade openness on technical efficiency of the EU"s agricultural sector. This study suggested trade openness has an immediate negative impact on efficiency, but it contributes to increase efficiency over time. For US agriculture, over 1948 -2006 , Miljkovic and Shaik (2010 found that a decrease in the share of agricultural imports to agricultural GDP had a positive impact on increasing technical efficiency, whereas an increase in the share of agricultural exports had no impact. In Brazilian agriculture, Miljkovic et al. (2013) found increased exports do not have a significant impact on technical efficiency. In the case of Palestine, the main destination of olive oil exports has long been Israel, with the exports averaging 4,000 tons per year (UNCTAD, 2015) . However, the customs union arrangement imposed by Israel on the occupied territories prevented the entry of Palestinian products into Israel while Israel"s own heavily subsidized products are allowed to enter freely into Palestinian markets (Naquib, 2003) . Palestinian farmers have reduced the use of fertilizers considerably following Israeli restrictions on imported agricultural inputs (UNCTAD, 2015) . In addition, the large migration of Palestinian workers to Israel and the transmission of inflationary trends in the Israeli economy to Palestinian markets have eroded the competitiveness of Palestinian trade (Astrup & Dessus, 2001; Abugamea, 2010) . These asymmetric trade relations between Palestine and Israel may prevent expanding Palestinian opportunities for olive oil exports. In this sample, indeed, access to export markets is quite limited. Although most studies have been unable to confirm the positive link between trade openness and technical efficiency, we found a negative impact of efficiency in the case of Jenin. In other words, access to local markets seems to be more relevant than access to export markets. The negative sign of DM MD and DM OP as well as the positive sign of DD HH imply market-oriented farms are associated with higher efficiency. Saldias and von Cramon-Taubadel (2012) found that market access, measured by distance to the nearest main road, has a positive effect on farm efficiency for small farmers in Chile. Although the impact of openness to export markets on efficiency is negative, market-oriented farms seem to be relatively efficient.
The frequency distribution of technical efficiency is presented in Table 5 . The average level of technical efficiency of the half-normal and truncated normal models are 48.6% and 46.1%, respectively, whereas it is estimated at 55.9% for the exponential model. The estimated efficiency scores of the preferred half-normal model indicate the existence of technical inefficiency in olive farms. The average level of technical efficiency is estimated at 48.6%, ranging from a minimum of 2.0% to a maximum of 95.3%. It is suggested that farms in this sample are producing, on average, at 51.4% of their potential at the current levels of technology and input. Sixty-nine farms (39.2% of the total sample) are relatively inefficient on a within-sample basis, with scores of less than 40.0%. It should be noted that the level of technical efficiency of 22.7% of sample farms ranges from 20.0% to 40.0% while there exists 23.9% of farms whose efficiency is between 60.0% and 80.0%. As there are two distinct peaks, i.e., two local maxima in a histogram around 20.0% and 80.0% of efficiency level with a valley separating them, the pattern of the distribution of efficiency can be bimodal. This pattern implied there are both less efficient group and more efficient group of farms. Comparing this bimodal pattern of efficiency distribution between irrigated and non-irrigated farms, the pattern is rather multimodal for non-irrigated farms, and for irrigated farms we found two local maxima around 40.0% and 70.0% of efficiency level. It implied level of efficiency seems to be converging for irrigated farms compared with non-irrigated. (Tzouvelekas et al., 1999) , whereas it showed a decreasing trend in the case of the island of Crete, from 87.5% to 63.7% during the same period (Tzouvelekas, Giannakas, Midmore, & Mattas, 1997 ). Similarly, the estimated level of technical efficiency for Spanish olive farms was 75.5% on average during the period 1999-2002 (Lambarraa et al., 2007) . For Tunisian olive farms, the estimated technical efficiency for the Mahdia region was 83.5% on the basis of data collected from 1999 to 2002 (Lachaal et al., 2004) , whereas it was 82% for farmers in the Sfax region, over the period from 1994 to 1997 (Lachaal et al., 2005) . The estimated results of technical efficiency for farmers in Jenin reveal the existence of relatively inefficient farms; however, they also suggest the possibility of increasing production by 51.4%, given the current state of technology and input levels.
Results of the comparison of efficiency scores between irrigated and non-irrigated farms are presented in Table 6 . In all distributional assumptions, average technical efficiency of irrigated olive farms is slightly higher than that of non-irrigated farms; however, the difference is not statistically significant. In the agricultural sector in Mediterranean countries, Hassine (2007) found a positive impact of the introduction of irrigation on technical efficiency. In wheat production in Tunisia, the increase in water resources and adherence to a water users" association were associated with higher efficiency (Chebil et al., 2015) . For olive farmers in the Mahdia region of Tunisia, Lachaal et al. (2004) found a positive impact of irrigation on efficiency improvement.
Despite these findings in some regions of Mediterranean countries, in the West Bank of Jenin, the introduction of irrigation does not significantly contribute to increase efficiency. One possible explanation is the difference in age of olive trees between irrigated and non-irrigated. Amores and Contreras (2009) considered the youth the age of olive trees below 10 years old is unproductive youth period. For the analysis on Tunisia olive farms, Lachaal et al. (2004) used the share of productive olive trees from 20 to 70 years old as an explanatory variable of the inefficiency equation. The finding suggests a positive impact of increasing in the share of productive trees on efficiency improve. These results suggest increasing number of productive trees may contribute to increase efficiency. However, in the case of Jenin, the average age of irrigated olive trees, non-irrigated are 41, 44, respectively. As the difference in the average age of trees is marginal, the explanation by the difference in age of trees is less relevant. Another possible explanation is the effect of scale inefficiency. Results of efficiency analysis on olive farms using DEA by Amore and Contreras (2009) in Andalusia suggested that overall efficiency score under the assumption of variable returns to scale is higher in irrigated farms than non-irrigated, but the score of scale efficiency of irrigated farms is lower than that of non-irrigated. These results suggest http://sar.ccsenet.org Sustainable Agriculture Research Vol. 6, No. 2; 2017 136 irrigated olive farms are technically efficient but inefficient in scale compared with non-irrigated. This experience in Spain implies the difficulty to realize optimal scale even for more advanced olive farms in Andalusia. Going back to the case of Jenin, our estimation of technical efficiency scores in Table 6 includes scale efficiency or inefficiency. The relatively low scores of technical efficiency in irrigated farms may reflect scale inefficiency. However, for more detailed analysis, we need to implement DEA to estimate pure technical efficiency differentiated from scale efficiency. 
Conclusion
To our knowledge, this study may be the first attempt to examine the technical efficiency of olive farms in Palestine. The objective is to estimate the level of technical efficiency and identify the sources of efficiency in olive production. Collaborating with the PCBS, we implemented the survey on olive-growing farms in Jenin during September 2015. Using the collected data of 176 olive farms, we estimated a Cobb-Douglas stochastic frontier production function simultaneously with technical inefficiency effects.
Our empirical results suggest that the education level of the head of farm households and a higher density of olive trees contribute to improve the technical efficiency of olive farms in Jenin. Increasing the years of irrigation has a positive impact on efficiency but enlarging the irrigated area has a negative effect. Access to export markets is actually limited, but farms exporting olives are associated with lower efficiency. While those farms which use olives domestically exhibited lower efficiency, farms with access to middlemen and olive oil presses, i.e., market-oriented farms, showed higher efficiency. The average level of technical efficiency of the chosen half-normal model was estimated at 48.6%, ranging from a minimum of 2.0% to a maximum of 95.3%. Compared with other farms in the Mediterranean region, the relatively low efficiency scores suggest the existence of substantive farm level inefficiencies. Comparing average efficiency scores between irrigated and non-irrigated farms, we found the effect of irrigation to be marginal. Overall, our results suggest that olive farms in Jenin have the potential to increase their production by 51.4% through more efficient use of technology and production inputs.
These results imply that the promotion of intensive farms with mature olive trees and expanding access to markets would contribute to upgrade the efficiency of olive farms in the West Bank operating under severe geographical and geopolitical constraints. As Beaufoy (2001) suggested, intensification of olive farming with irrigation is becoming increasingly widespread in many regions of Mediterranean countries. The results of this study provide the empirical evidence to support the adoption of more intensive farming by means of irrigation, highly densified plantation (increase in tree density) with continuous irrigation (increase in years of irrigation). Our study also implies the promotion of intensive farming with irrigation rather than a mere expansion of irrigated area would be effective to realize the best practice for olive production even under the severe condition of water scarcity.
